Abstract: Investigation of hyperferritinemia in metabolic syndrome patients represents a diagnostic challenge, but it is essential for the identification of individuals with iron overload. Hepcidin negatively regulates iron absorption and release. An increase in hepcidin occurs when iron levels are sufficient or in inflammatory states, conditions often associated with hyperferritinemia. Hemochromatosis causes hyperferritinemia due to iron overload, but frequently has low hepcidin levels. Our aim was to evaluate biochemical and molecular parameters related to iron metabolism in patients with metabolic syndrome. We evaluated 94 patients with metabolic syndrome according to the International Diabetes Federation criteria in a cross-sectional study. Anthropometric data and diagnostic criteria for metabolic syndrome, iron dosage, ferritin, transferrin saturation, hepcidin, and the C282Y and H63D mutations in the HFe hemochromatosis gene were evaluated. Prevalence of hyperferritinemia in the study population was 27.7% and was higher in males (46.2%) than in females (14.5%). Increase in transferrin saturation correlated with mutations in the hemochromatosis gene. Hyperferritinemia was associated to transferrin saturation and hepcidin after logistic regression analysis. In conclusion, hyperferritinemia is a frequent finding in metabolic syndrome patients, most frequently in men; and hepcidin assessment can be useful for the investigation of ferritin increase in those subjects.
INTRODUCTION

Metabolic syndrome (MS) affects approximately 20
to 25% of the adult population and is characterized by factors that increase the risk for cardiovascular disease and diabetes, such as abdominal obesity, hyperglycemia associated with insulin resistance, dyslipidemia and hypertension (Zimmet et al. 2005 , expert Panel on Detection, evaluation, An Acad Bras Cienc (2019) 91 (2) e20180286 2 | 7 and treatment of High Blood Cholesterol in Adults 2001 , World Health Organization 1999 , de Carvalho Vidigal et al. 2013 . Among laboratorial findings, hyperferritinemia is present in roughly 15% of cases (Chen et al. 2011) . Hyperferritinemia should be carefully assessed in patients with MS, since only a minority of cases is due to true iron overload (lorcerie et al. 2017 (lorcerie et al. , Goot et al. 2012 ). Other conditions can cause an increase of this protein, such as inflammatory processes, cancer, infections, alcoholism, nonalcoholic steatohepatitis (NASH), and neurodegenerative and chronic liver diseases (lorcerie et al. 2017 , Goot et al. 2012 , Chang et al. 2013 , Vaisman et al. 2000 , Colli et al. 2011 .
Hepcidin acts as a negative regulator of iron absorption and release, it binds to the iron transporter ferroportin causing its internalization and proteolysis (Prentice 2017) . erythropoiesis promotes a decrease in hepcidin levels, while hepcidin circulating levels can be increased in response to plasma and liver iron, and also by an inflammatory state. Consequently, several clinical conditions can influence hepcidin regulation, such as anemia, iron intake, liver disease, hemochromatosis-related mutations, inflammatory stimuli and infections, among others (Girelli et al. 2016 , Prentice 2017 .
Hepcidin could be an important marker to differentiate hyperferritinemia associated with MS, and hyperferritinemia caused by hereditary hemochromatosis, since hemochromatosis causes hyperferritinemia due to iron overload, but frequently has low hepcidin levels (Hare 2017 , Dongiovanni et al. 2011 , trombini et al. 2011 , Cardoso et al. 1998 . the aim of this study was to evaluate biochemical and molecular parameters related to iron metabolism in patients with MS, using hepcidin as a potential biomarker to help identifying patients with hyperferritinemia and iron accumulation secondary to hemochromatosis. (Zimmet et al. 2005) . the exclusion criteria were daily intake of ethanol ≥60 g for men and ≥30 g for women, diagnosis of chronic viral hepatitis, previous diagnosis of hereditary hemochromatosis or more than two blood donations in the preceding year. Patients had weight, height and waist circumference measured and a peripheral blood sample was harvested.
MATERIALS AND METHODS
StUDY
BIOCHeMICAl ANAlYSIS
Serum concentrations of iron, ferritin and transferrin saturation were measured by routine methods with Advia 1800 ® and Advia Centaur (Siemens Diagnostics, Deerfield, USA). the reference values for ferritin were 10 to 291 ng/ml for women and 22 to 322 ng/ml for men, values above the upper limit were considered as hyperferritinemia. 
RESULTS
Most patients consisted of women with a mean age of 62.2 years and BMI of 34.7 and were classified on average as obese. the other parameters were in accordance with the criteria for diagnosis of MS, according to the IDF (Zimmet et al. 2005) . table I summarizes patient's demographics, clinical and biochemical parameters. None of the included patients were receiving iron supplementation. there was no patient with homozygosis for C282Y, while 14.9% were heterozygous and 85.1% did not have the mutation. Only 2 (2.1%) patients were homozygous for H63D mutation, whereas 24.5% were heterozygous and 73.4% did not have the mutation. One patient (1.6%) was heterozygous for both analyzed mutations. transferrin saturation was correlated with the presence of heterozygosity in H63D (P=0.031/ρ=0.225).
Hyperferritinemia prevalence in the study population was 27.7%. table II shows the correlations between ferritin levels and clinical aspects and laboratory data, there was a significant positive correlation of ferritin with cholesterol levels.
Subsequently, patients were divided into two distinct groups: patients with normal ferritin levels and patients with hyperferritinemia (table  III) . Among the analyzed diagnostic criteria for MS, only the dosage of triglycerides and HDl cholesterol showed differences between the groups in univariate analysis. Male gender, cholesterol levels, transferrin saturation and hepcidin levels also differed between patients with normal ferritin levels and hyperferritinemia. Presence of high blood glucose levels, BMI and waist circumference values were similar among groups, as well as show hyperferritinemia, a large number of patients have this condition (Zimmet et al. 2005 Despite the large number of female included, our results indicate the presence of hyperferritinemia in 27.7% of the study population, which are superior to those already described by Chen et al. (2011) .
Hyperferritinemia was more common among men, which could be related to a greater prevalence of NASH among this gender (Williams et al. 2011 , Barros et al. 2017 . Women also have lower iron storage due to menstrual loss, which may reflect a lower serum ferritin. this is in agreement with other studies that considered male gender as a risk factor for iron accumulation (Dongiovanni et al. 2011) .
Hepcidin was present in higher levels in patients with hyperferritinemia, indicating that synthesis of this hormone is not impaired and is responsive to iron storage (Daher and Karim 2017) . Some studies showed the same hepcidin increase pattern in patients with or without MS associated hyperferritinemia when compared with patients with hereditary hemochromatosis and insulin resistance (Santos et al. 2009 , Adams et al. 2013 , Datz et al. 2013 , Martinelli et al. 2012 . Hepatic production of hepcidin is directly related to the amount of liver iron, but the increased production of hepcidin in patients with MS is not yet fully understood (Barisani et al. 2008) .
Increased transferrin saturation suggests iron overload due to hemochromatosis, becoming an important tool for the diagnosis (Cardoso et al. 1998) . However, in cases of hyperferritinemia associated with MS, transferrin saturation is usually within normal levels, being less useful for investigation (Chen et al. 2011 , Avila et al. 2015 . We observed a significant difference in transferrin saturation between patients with and without hyperferritinemia, but both groups had transferrin the presence or absence of C282Y and H63D mutations. After logistic regression analysis, only transferrin saturation and hepcidin levels remained significantly different between the analyzed groups.
DISCUSSION
Approximately a quarter of the world population has MS, and although only 15% of patients with MS saturation levels within the normal range, indicating a small increase in patients with higher amount of available iron. Study of hemochromatosis associated mutations in patients with MS and hyperferritinemia should be performed only on the subset of patients that also have low hepcidin levels and/or increased transferrin saturation levels. Our study has some limitations. the major one was that patients were not tested for the mutation that affects ferroportin, which presence has similar clinical presentation (hyperferritinemia and hyperhepcidinemia). Besides, we did not assessed the burden of liver iron using magnetic resonance imaging or liver biopsy (Cardoso et al. 1998) .
In summary, in our study patients with MS and hyperferritinemia had higher hepcidin and transferrin saturation levels when compared to those with normal ferritin levels. Hyperferritinemia is a common finding in patients with MS and when associated with increased transferrin saturation, one can direct research for mutations in the HFe gene. However, when transferrin saturation levels are within normal ranges additional tests are needed, and hepcidin proved to be a promising tool in the differential diagnosis of hyperferritinemia related to MS.
